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ABSTRACT 

The treefrog described as Hyla dayi Gunther and now known as Litoria dayi is restricted 
to the Wet Tropics of northern Queensland and has long been a source of taxonomic 
confusion. For many years this species was placed in Nyctimystes, but here I show that 
this frog never met the morphological criteria for assignment to that genus, which has 
long been defined by the combination of a vertically oriented pupil and the presence 
of a reticulum of coloured lines on the palpebrum. In particular, this species lacks the 
diagnostic vertical pupil on the basis of which Nyctimystes was originally erected. This is 
important because recent molecular studies have used this species and its erroneous 
generic assignment to provide misleading phylogenetic “tests" purporting to refute the 
monophyly of Nyctimystes. Recognising that L. dayi was never properly placed within 
Nyctimystes obviates these claims. Morphological and more recent molecular evidence both 
support a monophyletic Nyctimystes restricted to the Papuan region. I note an additional 
cranial character that, upon broader taxonomic investigation, may further support 
the monophyly of that genus.  Litoria dayi, Nyctimystes, Pelodryadinae, Queensland, 
Treefrog, Wet Tropics. 

The pelodryadine hylid frog originally 
described by Gunther (1897) as Hyla dayi and 
currently known as Litoria dayi is restricted to 
a small area of the northern Queensland Wet 
Tropics and has been the source of considerable 
taxonomic confusion, the ramifications of which 
continue to the present. The holotype is lost 
(Tyler, 1968) and the original description was not 
particularly detailed, and this led to confusion 
as to which frog species the name properly 
applied. Liem (1974), in a review of northern 
Queensland small-eared treefrogs, showed 
that Gunther's name H. dayi was not properly 
assigned to the frog previously referred to as 
Litoria dayi by Loveridge (1935), Copland (1957), 
and Tyler (1968). He showed instead that the 
original description better accorded with frogs 
then placed in the genus Nyctimystes, but he 

could not clearly assign the name to any of 
the three Queensland Nyctimystes species then 
recognised. Liem (1974) then provided a name 
for the frog erroneously treated as L. dayi by 
Loveridge (1935), Copland (1957), and Tyler 
(1968), describing it as L. nyakalensis. It is this 
early assignment of Hyla dayi to Nyctimystes 
that continues to provide problems for modern 
taxonomy. 

Frogs placed in Nyctimystes were first disting¬ 
uished from all other Australo-Papuan hylids 
on the basis of having the long axis of the pupil 
oriented vertically instead of horizontally. 
Boulenger (1882) erected the genus Nyctimantis 
for an Ecuadorian hylid having a vertical 
pupil and then later assigned new treefrog 
species from New Guinea to that genus on the 
basis of sharing that same feature (Boulenger, 
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1897, 1914). Stejneger (1916) pointed out the 
improbability of frogs from those two continents 
being directly related phylogenetically, noted 
that the South American species had the skin 
co-ossified with the skull whereas the Papuan 
species did not, and provided the replacement 
name Nyctimystes for the Papuan species. That 
name was then used for additional Papuan 
species having a vertical pupil (Parker 1936). 
The first comprehensive review of Nyctimystes 
described seven additional species, transferred 
two species to and removed four species from the 
genus, and provided a re-definition that included 
more characters (Zweifel 1958). Since that time, 
Nyctimystes has been defined as having the unique 
combination of (1) the contracted pupil forming 
a vertical slit, (2) a reticulum of pigmented lines 
on the transparent membrane of the lower 
eyelid, (3) the tip of the first toe not reaching 
the disc of the second, and (4) the skin not co¬ 
ossified with the skull. The last two characters 
serve to distinguish Nyctimystes from unrelated 
American forms having a vertical pupil and/ 
or palpebral reticulum, such as Agalychnis 
and Nyctimantis (Zweifel 1958), leaving the 
combined presence of a vertical pupil and a 
palpebral reticulum as the definitive character 
combination distinguishing Nyctimystes among 
the Australo-Papuan pelodryadine hylids. 

Nyctimystes was first thought to be repre¬ 
sented in Australia when Tyler (1964) described 
N. hosmeri and N. vestigea, each on the basis of a 
single specimen. He later (Tyler 1968) transferred 
Hyla tympanocryptis (Andersson 1916), also 
known only from the holotype, to Nyctimystes. 
These generic assignments were based on the 
presence in all examined specimens of the 
palpebral reticulum characteristic of Nyctimystes, 
but the second diagnostic feature - vertical 
orientation of the pupil - was left unremarked. 
As noted above, Liem (1974) later showed 
that frogs referable to Hyla dayi also belonged 
with these three presumptive Nyctimystes 
species. Czechura et ai (1987) examined 174 
specimens of Nyctimystes from Queensland, 
including all extant type material, and showed 
that all four of these names apply to only one 

variable species, for which Hyla dayi (Gunther 
1897) was the oldest available name. Since that 
time, Nyctimystes dayi has been considered the 
sole Australian representative of the genus, 
which has two dozen additional species 
described from New Guinea and one known 
from Halmahera, Indonesia. On the basis of a 
phylogeny derived from DNA sequence data, 
Frost et al (2006) synonymised Nyctiniystes with 
Litoria; therefore, this frog is currently referred to 
as "Litoria dayi". 

During a casual examination of specimens 
of Litoria dayi in the collection of the Australian 
Museum, Sydney, 1 noticed that some specimens 
clearly had the contracted pupil oriented 
horizontally instead of vertically. To assess 
the generality of this surprising finding, I later 
examined the much larger collection of speci¬ 
mens of the same species in the Queensland 
Museum to determine whether intraspecific 
variation occurred in this feature. I report my 
findings and their taxonomic implications here. 

MATERIALS AND METHODS 

I examined pupil shape and long-axis 
orientation in all 394 specimens of Litoria dayi 
in the collections of the Australian Museum, 
Sydney (AMS) and the Queensland Museum 
(QM). Examined specimens included 
topotypic material of all named forms, all but 
three specimens (the three extant holotypes) 
examined by Czechura et al. (1987), and 223 
additional specimens collected since that study. 
I confirmed that specimens were correctly 
assigned to L. dayi by verifying the presence of 
the palpebral reticulum in each; L. dayi is the only 
Australian hylid to have this feature. Because 
of the large number of specimens involved, the 
brief duration of my visits, and the fact that 
my findings were uniform and unambiguous 
with respect to pupil morphology I did not 
record catalogue numbers for each specimen 
involving each of the three pupil states: widely 
dilated, contracted and horizontally oriented, 
or contracted and vertically oriented. 
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Material Examined. Litoria dayi (n=394). Australia: 
Queensland: Alexandra Creek, McDowall Range, 
16° 6' 45" S, 145° 20' 50" E (QM J66037-38); Atherton, 
17° 16' S, 145° 29' E (AMS R39722); Atherton Rd, just 
before Mt Hvpipamee National Park, 17° 26' O ' S, 
145° 29' 0" E (QM J29524-25); Atherton Tableland, 17° 
16' S, 145° 29' E (QM J25080, J25084-85); Babinda 
Creek, Babinda, 17° 22' S, 145° 55' E (QM J55599- 
607, J55617-25, J55627, J56145-47); Barron River, 
17° 3' S, 145° 26' E (QM J13012, J43620-23, J55842-43); 
Bartle Frere, 17° 27' S, 145° 52' E (QM J30914, J32072, 
J32093-94, J32099, J32113, J32119, J32124, J32133-34, 
J32170-72); Beatrice River, near Millaa Millaa, 17° 33' 
S, 145° 39' E (QM J54923-25, J55628-32, J56182-85, 
J56493-94, J56496-97); Behana Gorge, 17° 10' S, 
145° 49' E (QM J61844); Big Tableland, 15° 42' 30" 
S, 145° 16' 30" E (QM J60914); Billy  Creek, 17° 49' 
25" S, 145° 47' 5" E (QM J48220-21); 16 km from 
Bloomfield River, 16° 2' S, 145° 15' E (QM J36324- 
25); Broadwater Creek National Park, 11 km S Mt 
McAlister, 18° 23' 30" S, 145° 56' 30" E (QM J61211- 
12); Bushy Creek, near Julatten, 16° 36' S, 145° 20' E 
(QM J55626); Cairns Intake, Lake Placid Station, 16° 
52' S, 145° 40' E (QM J55580-82); Cape Tribulation, 
16° 5' S, 145° 29' E (QM J36323, J36326-29, J41322, 
J52165); Charappa Creek, Walter Hill  Range, 17° 
42' 20" S, 145° 40' 20" E (QM J66040-42, J67192); 
Charmillan Creek, Tully Falls Rd, 17° 42' S, 145° 31' 
E (QM J56144, J56492); Crystal Cascades, 16° 58' 0" S, 
145° 40' 40" E (AMS R55967, QM J62086); Dalrymple 
Gap,18° 24' 45" S, 146° 4' 58" E (QM J86782-83); 
Davies Creek, Kuranda-Mareeba, 17° 3' S, 145° 33' 
E (QM J56181); Dinner Falls, 10 km SE Herberton, 
17° 26' S, 145° 28' E (AMS R53954); Dirran Creek, 13 
km S Malanda, 17° 28' S, 145° 33' E (QM J55572-79, 
J56108-22, J56127, J56178-80, J56498-99); Gap Creek, 
Mt Finlay, 15° 48' 45" S, 145° 19' 5" E (QM J57832); 
Goolagan Creek, 27 km W Innesfail, 17° 36' S, 145° 
48' E (AMS R85587); Helenvale, 15° 42' S, 145° 13' 
E (AMS R56702); Flenrietta Creek, Palmerston Hwy, 
17° 36' S, 145° 45' E (QM J25570-71, J36332-37, J41085- 
94, J54926, J56188-90, J65538, J66039, J66045-49); Home 
Rule Camp, via Wallaby Creek, 15° 44' S, 145° 18' E (QM 
J24857); Home Rule, 4 km E "The Granites", 15° 45 40" 
S, 145° 20' 55" E (QM J25277); Home Rule, Slaty Creek, 
15° 44' S, 145° 18' E (AMS R26778-79); Home Rule, 
Wallaby Creek, 15° 44' S, 145° 15' E (QM J25147-50, 
J25180, J25219); Home Rule Falls, 15° 44' S, 145° 18' 
E (QM J25261-62, J75830); 34 km W Innisfail, 17° 
34' S, 145° 45' E (QM J29717-24); Jira Cave, Russell 
River, 5.8 km SW Mt. Bartle Frere, 17° 26' 39" S, 145° 
47' 10" E (QM J74726-29); Koombooloomba Dam, 
17° 50' S, 145° 36' E (QM J29559-62, J29573-75L 
Little Forks, via Shiptons Flat, 15° 49' S, 145° 13' E 
(QM J27151, J27163, J27259); Maalan State Forest, 
via Millaa Millaa, 17° 37' S, 145° 38' E (QM J31181); 
Malanda Creek, near Malanda Falls, 17° 2T S, 145° 
36' E (QM J55844-45); McDowall Range, 16° 6' 45" 

S, 145° 20' 50" E (QM J66035-36); McHugh Bridge, 
42.8 km E Ravenshoe, 17° 34' S, 145° 41' E (QM 
J29600, J29670-76); Meunga Creek, Cardwell, 18° 16' 
30" S, 145° 52' 30" E (QM 148320-21); Millaa Millaa 
Fails, 17° 31' S, 145° 37' E (QM J55608-15, J56123-26); 
Mill  stream National Park, 17° 38' 35" S, 145° 27' 25" E 
(QM J67198); Mossman Gorge, 16° 28' 15" S, 145° 19' 
40" E (AMS R26603-05, QMJ52164, J52167, J60942); 
Mt Fox State Forest, 18° 34' 48" S, 145° 47' 1" E (QM 
J66044); Mt Hypipamee National Park, 17° 25' 40" S, 
145° 29' 15" E (QM J24529-30, J66108, J66127-28); Mt 
Lewis, 16° 35' S, 145° 15' E (QM J43618); Mt Spec, 18° 
57' S, 146° 11' E (QM J36309-11, J36318-20, J41084); 
Mt Spurgeon, 16° 26' S, 145° 12' E (QM J56186-87, 
J56700); northern Queensland (QM J41321); O'Keefe 
Creek, Big Tableland, 15° 42' 30" S, 145° 16 30" E 
(QM J63708-09); Palmerston, 17° 37' S, 145° 40' E (QM 
J32066-67); Palmerston Hwy, 17° 34' S, 145° 42' E (QM 
J31966); Palmerston Hwy, near Millaa Millaa, 17° 34' 
S, 145° 42' E (QM J32080, J32098, J32131-32, J32139); 
Palmerston National Park, 17° 35' 58" S, 145° 45 27 
E (AMS R33423, QM J63702); Palmerston National 
Park, Boulder Creek, 17° 37' S, 145° 40' E (QM J36314- 
17, J36338-47); Palmerston Rocks National Park, 17 
34' 30" S, 145° 53' 30" E (QM J61320, J87114); Paluma, 
19° 0' S, 146° 12' E (QM J29593-96, J30899, J32097, 
132122, [32173); Parrot Creek, Shiptons Flat, 15° 48' 
S, 145° 16' E (QM J13158, J40547); South Johnston 
River, near Millaa Millaa, 17° 40' S, 145° 48' E (QM 
J56139-43); Stallions Pocket, Mulgrave River, 17 
12' S, 145°'45' E (QM J30905-06, J30908-12, J32068, 
J32091, J32096, J32101-02, J32130, J32166, J32168); 
The Boulders, Babinda, 17° 20' S, 145° 54 E (QM 
J36330-31, J41076-78, J41081-83); The Crater, 17° 26' 
S, 145° 29' E (QM J30700, J30917-19, J32095); Thiaki 
Rd, 6 km E Mt Hypipamee National Park, 17° 25' S, 
145° 32' E (QM J32164-65); Tully, 17° 46' 30" S, 145° 
38' 30" E (QM J60922); Tully Falls, 17° 46' S, 145° 34' 
E (QM J29258, J32065, J32O02, J32100, J32169, J32174, 
[36308, J36312-13, J36321-22, J41079-80, J56161-70); 
Tully River, H Rd, 1 km from Tully River bridge, 17° 
46' 45" S, 145° 39' 40" E (QM J48195-98); Tully River, 
1st Creek E of bridge, 17° 47' 30" S, 145° 40' 30" E 
(QM J60950); Tully River, 2nd Creek E of bridge, 17° 
48' 30" S, 145° 41' 30" E (QM J60913, J60948); Upper 
Russell River, W slope Mount Bartle Frere, 17° 23' S, 
145° 42' E (AMS R61388, QM J56148-49); Wallaman 
Rallc Mnlinr*;}!  Pnrk 18° 34' 30" S. 145° 47' 30" F 
(QM J61292-93, J61299-300); Walsh Falls, 3 km from 
Atherton, 17° 18' S, 145° 25; E (QM J56150-53); West 
Mulgrave River, W side Mt Bellenden Ker, 17° 17' 
S, 145° 48' E (QM J56128-38, J56154-60, J56171-77, 
J56495); Windsor Tableland State Forest, 16° 12' 30" 
S, 144° 58' 30" E (QM J52166, J57847); Wongabel 
area, 17° 19' S, 145° 26' E (QM J43684-87); Yuccabine 
Creek, Kirrama State Forest, 18° 12' 30" S, 145° 45' 
50" E (QM J71258). 
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RESULTS 

Most specimens examined had the pupil 
so widely dilated that it appeared either 
round or diamond-shaped, with neither axis 
unambiguously narrower than the other. Many 
of these also had a white flocculant material 
beneath the cornea that made determining 
the pupil's outline difficult. Nonetheless, in 
several dozen specimens with clearly viewable, 
nicely contracted pupils, these were invariably 
oriented with the long axis on the horizontal 
plane, as seen in any other Litoria species. AMS 
26604, 39722, and 61388 serve as exemplars 
illustrating this character state. No specimen had 
the vertical pupil characteristic of Nyctimystes 
and observed by me in hundreds of specimens 
of more than 20 species in that genus (partial 
list provided in Kraus (2012)). 

DISCUSSION 

The significance of a horizontal pupil in 
Litoria dayi is that previous assignment of these 
frogs to the genus Nyctimystes was in error, 
being based solely on possession of a palpebral 
reticulum, a feature that comprises only one of 
the two characters that in combination define 
the genus and which was first used to assist 
in diagnosing the genus more than 40 years 
after it was defined on the basis of pupil 
shape. How is it that the failure of Litoria 
dayi to meet both morphological criteria for 
valid membership in Nyctimystes could be 
overlooked for approximately 50 years? Tyler 
(1964) first placed his N. hosmeri and N. vestigea 
in Nyctimystes based on their possessing the 
characteristic palpebral reticulum of that 
genus. However, both species were described 
from single specimens, each of which had 
a widely dilated pupil whose orientation 
could not be distinguished as either vertical 
or horizontal; hence, the second diagnostic 
character for membership in the genus could 
not be assessed. Similarly, Tyler (1968) 
transferred Hyla tympanocryptis to Nyctimystes 
on the basis of examining the holotype (and 
sole known specimen) but without noting the 
character state for the pupil, a point on which 
Andersson (1916) was also silent. Liem (1974) 

used adult body size, extent of finger webbing, 
and dorsal color pattern in determining that 
Hyla dayi should be referred to Nyctimystes; 
he also made no mention of pupil shape in his 
specimens. More problematically, Czechura et 
al. (1987) stated in their summary description 
of N. dayi "Pupil vertically elliptical". But, 
even though they examined a large series of 
specimens, their claim is directly contradicted 
by my observations of the same material 
(Appendix I). Hence, it would appear to be 
not an empirical assessment of the character so 
much as a pro forma statement of expectation 
based on judging that the species belonged 
in Nyctimystes given its obvious palpebral 
reticulum. The similar claim for a vertical pupil 
in Cogger (1975) should also be viewed as 
non-empirical inasmuch as that is a secondary 
literature source. Thus, the origin of this easily 
observed error and its persistence for almost 
50 years likely derives from original allocation 
of these frogs to Nyctimystes solely based on 
presence of the palpebral reticulum, correlation 
of that feature with a vertical pupil in other 
Australo-Papuan hylids, assumption that this 
correlation applied as well in Australian frogs 
having a palpebral membrane, and failure of 
subsequent researchers to critically evaluate 
prior literature claims. Interestingly, Davies and 
Richards (1990, fig. 3) illustrated a horizontal 
pupil in the tadpole of L. dayi but did not 
remark upon the feature. 

The discovery that Hyla dayi and its synonyms 
do not fit  with Nyctimystes on morphological 
grounds conforms with recent molecular evi¬ 
dence indicating that the species rightly belongs 
in Litoria and not with Nyctimystes (e.g. Frost et al 
2006; Rossauer et al. 2009; Faivovich et al. 2010; 
Wiens et al. 2010). Indeed, L. dayi appears closely 
related to the same species group (L. nannotis, 
L. nyakalensis, L. rheocola) from which Liem 
(1974) originally distinguished it (Rossauer 
et al. 2009). That a palpebral reticulum could 
evolve multiple independent times within 
Pelodryadinae is unsurprising, given that it has 
clearly done so as well in two distantly related 
American hylid genera as well as in unrelated 
rhacophorid treefrogs. In this regard, it is worth 
noting that some other Litoria have pigmented 
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patterns on the palpebrum (e.g., Litoria sauroni 
[Richards & Oliver, 2006] and an undescribed 
Litoria in possession of the author), although 
these do not form a reticulum, so Litoria is clearly 
more variable in palpebral pigmentation than 
earlier thought. Future study of fresh material 
of the Halmaheran N. rueppelli (Boettger, 1895) 
may show that species to provide another such 
instance inasmuch as it too was assigned to 
Nyctimystes solely on the basis of presence of 
a palpebral reticulum and it represents the 
only species assigned to Nyctimystes having 
a darkened animal pole to the eggs (Zweifel 
1958); hence, it may also prove to be unrelated 
to the Papuan species that otherwise comprise 
the genus. 

That placement of Hyla dayi in Nyctimystes 
was not justified morphologically might 
seem a trivial discovery except that it impacts 
on recent interpretations of the monophyly of 
Nycti?7iystes. In their large study of lissamphibian 
phytogeny, Frost et al. (2006) included ten species 
as exemplars of pelodryadine hylid frogs, 
including two putative members of Nyctimystes: 
"N." dayi and N. pulcher. They found the latter 
two species to not group together, concluded on 
that basis that Nyctimystes was paraphyletic, and 
accordingly synonymised that genus with Litoria. 
Doing this created a Litoria with 197 species that 
is synonymous with the already recognised 
presumptive clade Pelodryadinae (Tyler 1971; 
Savage 1973). Frost et al. (2006) expressed 
some surprise at their finding of paraphyly in 
Nyctimystes, noting that "morphological evidence 
would suggest that Nyctimystes is nionophyletic". 
That conundrum is readily explained, however, 
when one recognises that Hyla dayi was 
improperly assigned to Nyctimystes to begin 
with and that, accordingly. Frost et al. (2006) did 
not actually provide a test of the monophyly of 
Nyctimystes. 

Subsequent to Frost et al. (2006), more com¬ 
prehensive molecular-phylogenetic surveys 
of pelodryadine hylids have (depending on 
the study) included 6-12 Papuan exemplars of 
Nyctimystes and consistently recovered that 
genus as monophyletic (Rossauer et al., 2009; 
Faivovich et al., 2010; Wiens et al., 2010). These 
findings, coupled with recognition that L. 

dayi was improperly included in Nyctimystes, 
support taxonomic revalidation of Nyctimystes 
as a clade of distinctive Papuan stream-breeding 
frogs. Of course, recognising Nyctimystes as a 
valid clade once again leaves Litoria paraphyletic, 
pending additional resolution of relationships 
within Pelodryadinae and taxonomic action 
on those findings. However, that unsatisfactory 
situation has long been recognised anyway, 
at least by implication (e.g. Tyler & Davies 
1979; Hutchinson & Maxson 1987), is merely 
provisional until a well-supported monophyletic 
taxonomy is available for the group, and has the 
advantage of meanwhile identifying two clades 
(Pelodryadinae, Nyctimystes) instead of the single 
clade (Litoria = Pelodryadinae) proposed by 
Frost et al. (2006). Since identifying and tax- 
onomically recognising distinctive clades is a 
major goal of modern systematics, reinstatement 
of Nyctimystes as a valid genus meets this goal 
better than the current pelodryadine taxonomy 

(Frost et al. 2006; Frost 2012). 

Lastly, removal of Litoria dayi from association 
with Nyctimystes suggests an additional mor¬ 
phological feature that may add to the dia¬ 
gnosis of Nyctimystes. All  eight species of 
Nyctimystes osteologically examined in detail by 
Tyler & Davies (1979) have the pars facialis of 
the maxilla well developed and (in all but one 
species) in contact with the maxillary process 
of the nasal. In Litoria, the pars facialis varies 
from shallow to deep but is not in contact with 
the nasal, except in the L. aurea group (Tyler 
& Davies 1978, 1979). Should this finding be 
confirmed across a broader taxonomic sample 
of pelodryadine frogs and should nasal-maxilla 
contact prove derived within pelodryadines, it 
would provide further support for monophyly 

of Nyctimystes. 
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